Orthodontically induced inflammatory root resorption (OIIRR) is a common complication associated with orthodontic tooth movement. The aim of this study was to investigate how dental pulp contributes to root resorption during orthodontic tooth movement. Fifteen male 8-week-old BALB/c mice were subjected to an excessive orthodontic force of 25 g to induce a mesially tipping movement of the upper first molars for nine days. The expression levels of the TRAP, interleukin(IL)-17, IL-17 receptor(IL-17R), IL-6 and keratinocyte chemoattractant (KC; IL-8-related protein in rodents) proteins were determined in dental pulp (DP) by an immunohistochemical analysis. Furthermore, the effects of IL-17 on the production of IL-6 and IL-8 were investigated using human dental pulp (hDP) cells in vitro.
Introduction
Orthodontic tooth movement is induced by mechanical stimuli and facilitated by the remodeling of the periodontal ligament (PDL) and alveolar bone. Mechanical stress evokes biomechanical and structural responses in a variety of cell types in vivo and in vitro (1, 2) .
Orthodontically induced inflammatory root resorption (OIIRR) is an unavoidable pathological consequence of orthodontic tooth movement. There are many studies about the cause of OIIRR by many investigators. Yamaguchi et al. (3) reported that the compressed PDL cells obtained from tissues with severe external apical root resorption produced a large amount of the receptor activator of the nuclear factor kappaB (RANK) ligand (RANKL) that up-regulated osteoclastogenesis in vitro. Nakano et al. (4) reported that the PDL in response to heavy forces induced the root resorption via RANKL/RANK. Therefore, the PDL may be deeply involved in the occurrence of OIIRR.
Considering dental pulp (DP), Yamaguchi et al. (5) reported that Substance P stimulated the production of interleukin (IL)-1β, IL-6, and tumor necrosis factor (TNF)-α in vitro in human dental pulp (hDP) fibroblasts with severe orthodontic root resorption, and suggested that DP may be involved in the occurrence of OIIRR. Meanwhile, Tripuwabhrut et al. (6) reported that inflammation after extensive root resorption was confined to the compressed PDL, whereas the DP was unaffected. Recently, the immunoreactivity for Th17, IL-17, IL-6, and IL-8 was detected in the resorbed root and PDL tissue subjected to the excessive orthodontic force (7, 8) . Therefore, these inflammatory cytokines in PDL may contribute to OIIRR during orthodontic tooth movement. However, little is known about the relationship between OIIRR and these cytokines in the DP.
In this study, the immunolocalization of IL-17, IL-17 receptor (IL-17R), IL-6 and keratinocyte chemoattractant (KC; IL-8-related protein in rodents) in mouse root resorption during experimental tooth movement were investigated using immunohistochemical analysis.
Furthermore, the effects of IL-17 on the release of IL-6 and IL-8 were investigated using hDP cells in vitro. (Fig. 1) . The force was applied for nine days.
Materials and Methods

In vivo study
Tissue preparation
The experimental period was set at 9 days after tooth movement was initiated. The mice were deeply anesthetized by thiamylal sodium and transcardially perfused with 4% paraformaldehyde in 0.1 M phosphate buffer. After perfusion, the maxillae were dissected out and immersed in the same fixative for overnight at 4℃. The maxillae were decalcified in a 10% disodium ethylenediamine tetraacetic acid (EDTA) solution for three weeks at 4℃. Paraffinembedded samples were sectioned at 4 μm in the vertical direction. The sections were used for hematoxylin and eosin staining (H.E.), and also for immunohistochemical staining.
The area of investigation was the DP tissues in the distal buccal root of the first upper molar (Fig. 2) . The side that was not moved was defined as a control.
Immunohistochemistry
Immunohistochemical staining was performed as follows:
The tissue sections were deparaffinized and the endogenous 
In vitro study
Human dental pulp cell culture HDP cells were prepared according to a modification of the method described by Hosoya et al (11) . Briefly, hDP tissues were taken from the roots of premolars extracted from six healthy, young volunteers (3 males and 3 females; ng/ml rhIL-17. For this experiment, we used the rhIL-17 concentration described previously (8) . We used the cells treated without rhIL-17 as controls.
Real-time polymerase chain reaction (PCR)
The extraction of total RNA from hDP cells treated with rhIL-17 using an RNeasy Mini kit (Qiagen Co., Tokyo, Japan), and aliquots containing equal amounts of mRNA were subjected to real-time PCR. The mRNA was reverse transcribed to cDNA using the Prime Script RT Reagent Kit (Takara Co., Shiga, Japan) according to the manufacturerʼs protocol.Real-time PCR amplification was performed using SYBR Premix Ex Taq (TaKaRa) in a thermal cycler (TP-800 Thermal Cycler Dice; TaKaRa). PCR primers for IL-6, IL-8 and GAPDH were purchased from Takara Co. were considered to indicate a significant difference.
Results
In vivo study
Body weights during the experimental period
The body weights of the mice in both force groups decreased transiently on day 1 and then recovered. No significant differences between the two groups were observed (data not shown).
Histological changes in dental pulp during tooth movement (H.E. staining)
In the control group (0 g), the mouse DP specimens were composed of relatively dense connective tissue fibers and fibroblasts that were sagittally aligned from the root dentin.
The root surface was relatively smooth (Fig. 3a) . In the 25 g group, there was a coarse arrangement of fibers and compressed blood capillaries. On day 9, several root resorption lacunae with multinucleated odontoclasts were recognized on the surface of the root (Fig. 3b) .
Immunohistochemical findings of TRAP
In the control group, resorption lacunae with TRAPpositive multinucleated odontoclasts were not observed on the surfaces of the root (Fig. 3c) . In the 25 g group, several
resorption lacunae with multinucleated TRAP-positive odontoclasts were observed on the surface of the root (Fig.   3d ).
Protein localization of IL-17,IL-17R, IL-6 and KC
The immunoreactivity for IL-17, IL-17R, IL-6 and KC was 
Discussion
To investigate whether IL-17, IL-17R, IL-6 and IL-8 are involved in root resorption during orthodontic treatment, we induced root resorption by applying excessive orthodontic force in an animal model. Hartsfield JK Jr. et al. (12) reported that internal root resorption was induced by excessive orthodontic force. Internal root resorption is caused by transformation of normal pulp tissue into inflammation pulp tissue with odontoclasts, which resorb dentin (13) . The inflammation pulp induced expression of these cytokine (14) . In the 25 g group, immunoreactivity for IL-17 and IL-17R was detected in mouse DP tissues ( Therefore, it is thought that the immune cells are the cause of the increased IL-17 production.
Immunoreactivity for IL-6 and KC was also detected in mouse DP tissues and odontoclasts in the 25 g group (Fig.   4B ). IL-6 is a multifunctional cytokine that plays an 
Conclusions
The results of this study suggest that the induction of IL-17 may aggravate the process of root resorption via the production of IL-6 and IL-8 from DP in the presence of excessive orthodontic force.
